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Title of the Invention: 
. . Electrochromic Display Device 

CLAIM 

An electrochroraic display device comprising a display 
substrate having display electrodes, an opposing substrate 
having an opposing electrode, and a liquid electrolyce 
confined between said two substrates as it has an 
electrochromic material and a support electrolyte dissolved 
therein, characterized in that said electrochromic material 
consists of a mixture of an oscidation-luminescence type 
electrochromic material and a reduction- luminescence type 
electrochromic material which will develop the same color. 



.. . SPECIFICATION 

Ti-t:le of Inven-tlor. 

Electrocliroaiic Display Device 

CLAIM 

An elec-trochromic display device comprising a display 
subs-trrata having display electrodes/ an opposing substrate 
having an' opposing '.electrode, and a liquid electrolyte ' 
confined between "'said two substrates as it has an electro- 
. chromic material and a support ^electrolyte dissolved therein, 
characterised in that said electrochromic naterial consists of 
a Qiicture of an oxidation- luminescence type clectrochroiaic 
material and a reduction-luminescence typ'fe electrochrcaic 
material which will develop the same color- . 
pj^ai led Description of the Invention 

•The present invention relates to an electrochromic 
display device (SCD) and, more particularly, to an ECD capable 
of achieving high contrast. 

The ECD of the present invention is of a dissolution/ 
diffiision tj-pe that utilises the phenomenon that an electro- 
chromic (EC) material in a liquid electrolyte undergoes an 
oxidation-reduction reaction based on an electrode reaction, 
thereby experiencing reversible color formation and erasure- 
ECDs are drawing increasing attention because' thay can be 
operated at low voltage and power and yet provide a bright and 

sharp display. • 

A conventional most representative ECD of a dissolution 
type is shown schenatically in the accompanying drawing. A 
display substrate 1 is coabined with an opposing substrate 2 
via a spacer 7 and sealed with sealing members E to fora a 



cell, which is injecl:ed with a liquid electrolyte 6. To 
provide a white backgrour.d, a light reflecting plate is 
provided between the two sxiistrates or, alternatively, the 
liquid electrolyte is mixed with a white , powder to aiake a 
paste- . The light reflecting plate is nada o£ a ceramic 
material 'sucli as alusina or a high polynier. The white powder- 
-co be'inixed wi'ththa liq^iid electrolyte is the powder of . 
titanium ozide, alumina., etc- 

Tha reflecting pi are and the white powder are here\inder 
collectively referred to as a "light reflector". 

The display substrate' 1 is typically- a tr-ansparent sub- 
strate mada of glass, plastics, etc. The display ' substrate 1 
is overlaid with display electrodes 3. The display electrrodes 
3 are transparent elect=rodes in the fora of a tin o:£ide (SnO.) 
film, an indium oxide-tin czide (ITO) film, etc. They are 
typically formed by vacuum evaporation but chemical cathcds 
such -as spraying may also be employed. While t-he opposing 
s^s.^:^te. 2 with an opposing electrode 4. may be of various • 
designs, the following ara r epresa.".tative : a glass substrate 
overlaid with a transparent electrode; e glass substrata 
overlaid with a metal film; a glass substrate overlaid with a 
pressed mi^cture of an iron complex and carbon; • and a metal 
plate. 

While various methods can be used to display numerals, 
letters, etc., one of the= is to provide surface masks 5 in_ 
such a way that the transparent electrode 3 is e:i?osed to 
liquid electrolyte only in the areas corresponding to 
patterned segments to be displayed. The surface masks are 
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cocaonly made of a wtiire ink comcrislzig the particles of a 
whita powder dispersed ir. a resin and it is formed by screen 
printing. If the segaients are to be displayed separately, tha 
display decrroda to which they are attached have to be 
divided accordingly. It should be noted that t.he surface 
Basks 5 shown in the drawing are by no means essential. 

The liquid 'electrolyte 6, is composed of a solvent, a 
support electrolyte and an EC material. The solvent may be of 
any type that has great polarity and wiilch is stable. In 
addition to water, non-aqueous solvents such as propylene 
carbonate and dimethylf ormamide nay be used. Tha following 
description is chiefly concerned with the ca^ of using a non- 
aqueous solvent.' The support electrolyte is a common in- 
organic salt if water is used as the solvent; if a non-aqueous 
solvent is used, the support electrolyte is selected from 
salts of alkali metals or -cetraalkylammonium with halogen 
perchlorata (ClOj', fluoroborate (37,) and fluorophosphate 
(PFj). The EC material is selected from among inorganic 
materials such as salts of transition metal compounds exem- 
plified by Na,WO„ CaWO,, BaWO, and Na^oO,, organic materials 
including aromatic or heterocyclic compounds such as viologen, 
netrathiafulvalene, pyrazoline, fluorene, anthr aguinona , 
pyrylium, pyridium and Methylene Blue, as well as derivatives 
thereof, and organomer^lic matrarials such as ferroin end 
fenrooene. 

The conventional dissolution-type ECD having tha above- 
described struct'^a is capable of displaying only one color. 
For example, an ECD using butyl anthraquinone as an EC 



malarial provides whi.l:a in the initial state and tums red 
when a negative voltage is applied to the transparent 
electrode and reverts to the i^tial white upon application of 
a ravarae voltage. The white 'color is characteristic cf a 

light scatt'erer. 

With' an ECD of this conventional construction, a 2:1 , 
contrast is th^' highest white contrast that can be realized in 
practice. The reason for this limited contrast is that only 
the color development from the electrode on one side is ■ 
utilized. 

It is therefore an object o£ the present invention to 
provide an" electr'cchroiaic display device capable of high 
contrast . 

.According to the invention, there is provided an 
electrochromic display device coniprising a display substrate 
having. display electrodes, an opposing substrate havi.-ig an 
opposing electrode, and a liquid electrolyte confined between 
said f^o substrates as it has an electrochromic material • and a 
support: electrolyte dissolved therein, characterized in that 
said electrochromic material consists of a mixture of an 
oxidation-luminescence type electrochromic material end a 
reduction-luminescence type electrochromic material which will 

develop t:he saiae color- 

' The electrochromic display device of the invention has 
t.ha same construction ' as the illustrated conventional ECD of a 
dissolution type, except that it should not have any light 
reflector. A characterizing feature of the invention is to 
use a mixture of an oxidation-luminescence tj-pe (O-tv-pe) EC 
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; ma-terial and a redurtlon-lLiminescenca type (R-typa) EC 
matezrial. An 0-t:ype EC na-teriaJL is nearly colorless iindar a 
neutral condition and develops color when oxidisad. An R-type 
EC matarial is also nearly colorless under a neutral condition 
but develops color when x&duo^d,^ 

While the opposing electrode 4 and the opposing stibstrata 
2 day basically* be formed of the materials already described 
herein, particularly good display characteristics can be 
provided by using the following materials. For exaapla, the 
opposing electrode 4 may be the transparent electrode already 
described herein and the cpposing substrata 2 may be a glass 
plate in a thickness of about O.S mm- If a white plata such 
as a sheet of white paper, an alu m inum plate or a whita 
synthetic resin plata is placed in contact with the opposing 
substrate 2, an ECD.is obtained that has a shadowless, whita 
backgro^und. In another methcd, a transparent electrode may be 
used as the opposing electrode 4 whereas a white substrate 
such, as an alxjmina substrate is used as the opposing substrate 
2y this is also effective in providing an ECD having a shadow- 
less white backgroiuid. 

The operating mechanism of the .ECD of the invention will 
now be described- The operation starts with application of an 
estamal voltage to the display electrodes 3 and the opposing 
electrode 4. The 0-type EC material develops color at the 
electrode or electrodes supplied with a positive voltage, 
whereas the R-type EC material develops color at the electrode 
or electrodes supplied with a negative voltage. In the ECD of 
the invention, both the O- and R-type EC materials develop the 



. . ',• -. 6 -. - ■ 

sane color and the developsd color can be seen frca the 
display substrata irrespective o= which type cf EC material 
has daveloped that, color. As a result, a high-ccntrast 
display of ' the same color can be produced regardless of the 
polarity of the applied voltage. If' voltage application is 
turiied off (the 'applied voltage is sere volts), the 0- a-^d R-, 
type EC matar^iais' which' have developed color will react with 
each other and revert to a neutral state. In ot.her words, t.h6 
display disappears and the' state within the liquid electrolyte 
will revert to the initial. 

W2u.ie the basic method of voltage atsplicaticr. to .the 2CD 
of the invention is as described above, the ^CD fabricated in 
each of the Exa--ples that follcv has a threshold for color 
development at about 1-0 V, so =rapid response can be realized 
if a voltage sufficiently higher t.han 1.0 V (typically about 
2.0 V) is applied to develop color while a. voltage slightly 
lower •t.han 1.0 V (typically about 0.8 V) is applied to erase 
the: color. 

An ECD of a dissolution type that uses both an O-type EC 
material and an R-type EC material but which does not use any 
light reflector is already disclosed in Japanese Patent 
Application No. 145767/1977 a.nci Japanese Patent P-oblic 
Disclosure No. 31297/1579. However, those EC materials do not 
develop the same color and the displayed color is a mixture of 
.t-.-o colors. Therefore, the ECDs disclosed in t.hose pate-nts' 
will display a dull and rather contaminated color. Or. the 
other hand, the ECD of the invention which enploys EC 
materials capable of develcoing the same color car. provide a 



color of higher purity and, hence, a sharp display. 

While the following description concerns only the display 
of blue color, it should ba noted that the invention, is also 
appiickbla to the display of other colors. For display of 
blue color, furyl and bensCo] anthracene-7,12-dione (hereunder 
abbreviated as B-a-AQ) may 'be used as R-type dyes, whereas 2- 
aainofluorenoneThareunder- abbreviated as FN-1) and 1-p- 
phanyl-3-p-diethylaminostyryl-S-diathylaminophenyl-A'- 

pyraLToIine (hereunder PZL-3) may be used as 0-typa dyes. 

The following eacacples are provided for the purpose of 
further ill\xstrating the invention. 

Example 1 ' 

The drawing shews typical SCD for use in impleaenting t.ha 

invention. 

Display substrate 1 and opposing substrate 2 were both 
made of glass bux in different thicknesses of 1.0 mm and 0.3 
mm. Display electrodes 3 and. opposing electrode 4 were both 
an indiun oxide/tin oxide (ITO) electrode, which was for^d by 
vacuum evaporation. .. Spacer 7 was made of a very .thin Tetron 
.sheet that separated the two substrates by a distance of 30 pm 
which, in turn, ware sealed with an eporcy adhesive. A ILc^^d 
electrolyte was prepared from the following formulation: B-c- 
AQ as R-type EC material (0.2 mol/L); PZL-B as O-type EC 
niaterial (0.2 mol/L); .THAI as electrolyte (0.3 mol/L); and N- 
2-methylFyrrolidi.ncne (hereunder abbreviated as MM?) as 
solvent. A sheet of white paper was placed at the back of the 
opposing electrode 2 to provide a reflector plate. The t-hus 
fabricated ECD displayed white color in the initial state. 
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When the ttran^'arent: electrodes were supplied with a 
vol-fcaga o£ -Z.^V Xat was negative to the opposing electrode, 
a &a=T3 display wi-ch 7:1 cor.rrast was provided wirhin a 
rasjonse tiaa of 0.1 second. The color disappeared in 0.2 . 
seconds after the application o£ zero volts. When the erase 
voltage was increased to +0.8 V, the erase time could ba ' 
shortened to 0.1 second. Even when the polarities were 
revised (firs-c +2.6 V then -6.8 v/ was applied), EC charac- 
■teristics of the same csnrrast and same response time were 
a-trta±ned. 
Example 2 

An ECD of the same construction as in Example 1 was 
fabricated frc=i rha saiae materials as used in Ezaspla 1, 
except that an alunina substrata in a thickness of 1 ma was 
used as the opposing suhsrrata 2. In E^pla 2, no sheet of 
paper was necessary at the back of the opposing substrate 2. 
The drive conditions and the display characteristics were the 
sanie as in Example 1. 

Example 3 ^ • 

An ECD o£ l±ie same cons-tjrucrtion as in Example 1 was 
fabricated from the same materials as used in Example 1, 
except that fuxyl was used as P.-type EC material whereas FN-1 
was used as 0-type EC material. The drive conditions and the 
display characteristic:^' were the same as in Example 1- 

It should be noted that the 0-type a.nd R-type EC 
materials that can be used in the ■ invention are in no way 
limited to the examples described herein and any EC materials 
can be used if they develop the same color upon oxidation or 



reductrion. By using a wide v^iei^ of d-typa and R-tipe EC 
Bia-cerials in the ECD of rhe inven^on, various color displays 
can be realized in high contrast. 

B-rTi=.f T3&sr -r^r^t±on O' ^^^^ r>T-awlna 

. Th« drawing is a section^ ..lew 'of a typical ECD design. 
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